Experiments have shown that pigeons, Columba livia, are able to develop navigational abilities even if reared and kept confined in an aviary, provided that they are exposed to the natural winds. In contrast, pigeons reared in a wind-screened aviary do not learn to navigate. Pigeons kept confined in a screened aviary when young do not learn to navigate even if, once they become adult, the screens are removed and the birds are exposed to natural winds for a period sufficiently long for map learning. In all of these experiments, pigeons were kept confined until the day of test release. In the present study we found that pigeons reared in a wind-screened aviary developed navigational abilities if, once adult, they were allowed to perform spontaneous flights around the loft. Nevertheless, their navigational performance never reached the level of controls. After being transported to unfamiliar locations, homing pigeons, Columba livia, are able to determine the direction of displacement, then orient approximately towards home. According to Kramer's (1961) view, homing pigeons' navigation takes place in two steps: the 'map step', allowing the birds to determine their position with respect to home, and the 'compass step', allowing them to orient at both the release site and during the homing flight.
A series of olfactory deprivation experiments conducted in different countries has shown that the navigational map mechanism is based on olfactory cues (Papi 1990; Wallraff 1990 Wallraff , 2001 Benvenuti et al. 1998) . These findings are consistent with the hypothesis proposed by Papi (Papi et al. 1972; Papi 1976) , that homing pigeons are able to build up a navigational map of the surroundings by associating the olfactory information carried by the winds to the home loft with the directions from which they blow.
Olfactory map learning occurs even in pigeons reared in aviaries until the day of the release test, provided that the birds can perceive both environmental odours and wind directions (Wallraff 1966; Papi et al. 1973; Ioalè et al. 2000; Gagliardo et al. 2001) . The acquisition of the navigational map usually occurs during the first 2-3 months after fledging (Baldaccini et al. 1978; Ioalè et al. 1978 Ioalè et al. , 1990 Ioalè et al. , 2000 Gagliardo et al. 1988 Gagliardo et al. , 2001 ).
An experiment by Gagliardo et al. (2001) suggested the occurrence of a sensitive period for learning the navigational map in pigeons reared in an aviary until the day of test release. Birds confined in an aviary with transparent but wind-blocking screens during their first 3 months after fledging were dramatically impaired in navigation, even if they had been exposed to the winds for the next 3 months.
A study on the effect of hippocampal ablation on navigational map learning (Ioalè et al. 2000) showed that hippocampal-lesioned young pigeons developed a functional navigational map only if they were allowed to perform training and spontaneous flights after the surgery. In fact, lesioned young pigeons kept confined in an aviary until the day of test release were totally unable to navigate. Therefore, experience subsequent to the surgical treatment seems to have been critical for the navigational map learning. These results suggest the possibility that, also for intact pigeons reared in a wind-screened aviary, flight experience might facilitate the development of the navigational map, even if its acquisition was prevented early in life. To test this hypothesis, we compared the orientation and homing performance of pigeons confined in wind-screened or unscreened aviaries until the day of release with those of pigeons confined in windscreened or unscreened aviaries when young and then allowed to perform spontaneous flights around the loft when adults.
